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\BSTR\CT 

This paper adds new data on mangrove-associated species ol 
Littoraria in tin* lndo-West Pacific region that have annum- 
lated since tin * taxonomic revision ol the group bv Held 
19S9iri. One new species is described limn the nortlu astern 
Indian Ocean and L \inrnsi s Philippi. IS 17 is distinguished 
Ironi the similar L. ailiadala Philippi. IS US with which it was 
previously cnnlnsed. Significant extensions to the distribution 
ranges ol 12 species are reported The penis, paiaspermato/na 
and radulaol /v. drticalnla Nevill. I SS5 .ire described I'm the 
first time and additional inlonnution given on the geographic.il 
variation of L. fiiosa (Sowerbv. 1S32 in \nstralu New litera¬ 
ture post-1955 > on tin 1 entire genus lAtloraria is bnelb iv 
viewed. 


IXTRODrCTION 

The family Littorinidae is among the most well studied 
ol murine gastropod groups, lor it is ol worldwide dis¬ 
tribution and its members are usnalK abundant, acecx- 
sible and easily collected in the intertidal /one see re¬ 
views b\ MeOuaid. 1999a. I> l util some 50 years ago 
the group was noted lor a conlused taxonomx based 
mainly on highk variable shell ebaraeters. However, 
since then llie application ol teelinhjiies ol fine anatomv. 
scanning electron mieroseopv and molecular biology lias 
resulted in refinement W ithin the most well known sub 
lamih, the intertidal and mouoplivletie Littorininae 
Reid. 1959a , recent studies recognise 139 species in 
eight genera: 1 A Iclarhaphc Rosewater. 1951 Reid. 
1959a): 11 Pcasirlla Reid. 1959l»: Reid and Mak, 1995 
2 Maimcarin^ia Reid. 1959b 10 Lrrtarin s Rosewater 

1972: Reid and (idler. 1997 1 ('ni(hritis Rosewater 

1972; Reid 1959a’. 39 Litioraria Reid. 1950a 1999a 
I). this stuck ), 19 Littorina Reid 1990 and 50 \odili! - 
torina (Handel and kadolskv 1952: Reid. 1959a. in press 
a, b). For the 1 subfamik LiUoriiiinae 11u*r«‘ is at least a 
preliminarv plivlogeiiv ol the* genera Reid. 1959a and 
some species-level phvlogenies e.g. Reid et al 1990; 
Reid, 1999b). and further molecular phvlogenies an 


now being produced, bur all these 159 species tin* re¬ 
productive mode and habitat are known, and lor almost 
all ol them the geographical distribution is recorded in 
detail. This, iberelore. represents a remarkable dataset 
among marine* invertebrates; a relativelv well-worked 
monopbvletie group ol worldwide but predominantlv 
tropical distribution. Once a more* robust phvlogenetic 
Iramework is achieved it should become a model svstem 
lor the stuck ol maeroevolntionarv processes e.g. Lif- 
torinia . Reid et al. 1999 Meanwhile, it is important to 
understand (In* svstematics ol these species aeeuratek 
and to record their distributions as precisely as possible. 

The modern concept ol tin* genus Liftoraria as a 
monopbv letie group was established bv Randel and Ka¬ 
dolskv 1952- and Reid 1959a 1959a : bclore this the 
species were generalk inch ideal in Lit torina . .i large* 
polvphv letie assemblage' The genus is almost e\ehisivelv 
tropical in distribution and the highest diversity is loimd 
in the Indo-Mest Pacific hiogeographie region. \t the 
species level, the classification ol this group underwent 
a considerable change* lollowing a revision bv Reid 
1959a ol the lndo-Pacilie species associated with man¬ 
grove habitats. I sing a range o! evidence Iron) anatomv 
in particular ol penis, paraspermuto/oa and pallial ovi¬ 
duct . radula. shell morphology, h.ihit.it, distribution, and 
copulation Ireijwenev. it was shown that 29 species could 
be discriminated whereas onlv 5 had been commonly 
distinguished previously. 5uue this revision, new collec¬ 
tions have accumulated. \s a result, some ol the earlier 
conclusions must be revised and three additional species 
ran lx* recognised in the region Tin* new material also 
adds significant extensions to the distributional ranges ol 
some taxa It is the aim ol (his paper to describe and 
redeserihe two ol the additional taxa the third will be 
described elsewhere. 5(nckev and Reid, in pre paration 
and to document some* new observations and distribu¬ 
tional records. It should he used in conjunction with the 
earlier work Reid. 1959a'. 

\{ the time ol Reids 1959a systematic revision, oth¬ 
er aspects ol the biology ol these tropical species had 
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reeeixed relatixelv little studv However, in the years 
since then they have reeeixed iiincli more attention. 
\mong sen era! remarkal )le I eat i ires ol Littoraria are the 
assoc iation oJ mam species with mangrove trees. leading 
to studies of their /onation patterns, dit t and predation. 
Some members are ovoviviparous, and mam slum 
spawning or feeding migrations with lunar and tidal pe¬ 
riodicity A striking color poKmorpIiism ol the* shell is 
shown 1)\ species occurring on niangroxe Joliage and 
these ha\e emerged as a model svstem lor the stock* of 
the maintenance ot pokmorphism hv natural selection. 
There has also keen new work on ultrastnicture, egg 
capsules, radnlar plasticity parasitism and genetics. This 
new literature* will he* briefly re\ic‘wed here. 

M \Y 1 ITERATERE OX LITTORMUA SINCE 1935 

Reid (1936a 19S9a) listed 36 known species of Lit to¬ 
raria worldwide (out* ol which was unnamed), but de¬ 
tailed descriptions were restricted to those 20 found in 
association with mangrove trees in the liulo-West Pacific 
region. Since then the six specie's occurring in the East¬ 
ern Pacific region have been described (Reid, 1999a; see 
also Reid and kaiser (2001) for two new records of Indo- 
West Pacific species in the* eastern Pacific) including the 
unitpie nonplanktotrophic L. aberrans (Philippi, 1346) 
and the new taxon L. rosnratcri Reid, 1999. In addition 
to the single new species described in the present paper, 
and the recognition ol two taxa within 7,. articnlata (Phi¬ 
lippi, 1346)' (as used In Reid. 1936a), a further new 
species Irom northern Australia is being described else¬ 
where (Stuckey and Reid, in preparation; see Varmoes 
et ah, 1990, and Reid, 1992a. for additional regional tax¬ 
onomic accounts . This brings the total for the genus to 
39 species. 

\ preliminary phylogenetic analysis ol all Littoraria 
species then known, based on cladistic analysis of mor¬ 
phological characters, was done In Reid (1936a). This 
has since been revised and updated (Reid, 1999b). The 
new phxlogenx was not well resolved, but supported the 
monophvh ol the subgenera Rahtstorina and lAttorinop- 
sis . and suggested that the subgenus Littoraria was a 
paraphv letie assemblage; a significant change to the phy¬ 
logenetic classification ol the genus was the combination 
ol fixe mainly rock-dwelling ludo-Pacific species t L. pin¬ 
tado Wood. 1323 /. nuiuritiana Lamarck, 1322) / 

lllahrafa Philippi. 13 16). L. rorrinca tCmelin, 1791) l 
nndulata dray. 1339 in the basal subgennx Rrotolitt - 
oraria . winch had prexiousk held onlx L. pintado (Reid. 
1939a The lossil record ol Littoraria is limited, but 
better than that ol other littorinid genera, probably be¬ 
cause preservation is more likelv in mangrove environ¬ 
ments than on liigli-mergx roekx shores. The knoxvn fos¬ 
sil species were listed bv R(*id 1999b and discussed in 
the context o! xieariaut exents in the hiogrngraphic his¬ 
tory ol the clack 1 \ similar historx. ol Tethvan origin and 
subsequent x icariaiu•(*, has been proposed lor mangrove's 
by I Ilison (*t al. 1999 . xvho cited tlu* worldwide* diver¬ 
sity gradient ol Littoraria species in support. Extinctions 


of marine invertebrates during historical time* are rarelx 
reported; L. ftanunca (Philippi, 1347) was included as 
one ol only four possible* examples among gastropods 
discussed by Carlton 1993 . 

Regrettably little* genetic xvork has vet been undertak¬ 
en on Littoraria. Several studies oi allozvme variation 
x\ithin the \ustralian species have confirmed that the 
species defined In morphological criteria are indeed dis¬ 
tinct (ohnson and Black, 1993; Schmidt, 1993; M 
Stuckey personal communication). Levels of intraspe¬ 
cific genetic variation liax e been assessed using allozvme* 
markers in L. angulifera i Lamarck. 1322) (Janson, 1935) 
and in the two subspecies of L. cingulata Philippi, 1346) 
(Johnson and Black 1993). DX \ sequences liaxe so far 
been published for the 16S ribosomal RN A gene (3 spe¬ 
cies, Reid et al., 1996) and 13S rRXA gene (1 species, 
Winnepenninckx et ah, 1993), but have yet to be used 
for phvlogenv reconstruction within the genus. This 
should be a priority. 

Although the genus Littoraria is well known as a char¬ 
acteristic inhabitant of mangrove forests, this is not true 
of all the species. There appears to have been an evo- 
lutionarv specialisation to the mangrove habitat, since 
basal species occur exclusively on rocks, or on both rocks 
and driftwood, xvhereas only the more derived chides 
occur on trunks and foliage of niangroxe trees (Reid, 
1999b). The three-dimensional structure of the man- 
grove habitat, and frequent svmpatrie occurrence of sev¬ 
eral Littoraria species, has stimulated numerous ac¬ 
counts of comparative zonation patterns. These liaxe 
been carried out in Australia and the xvestern Pacific 
(Cook et al. 1935; Reid, 1935; Boneka, 1994; Catesby 
and McKillnp, 1993 Japan (Ohgaki, 1992 the Carib- 
bean Gutierrez, 1933) and the eastern Pacific Blanco 
et al., 1995; Blanco and Cantera. 1999; Cantera et al. 
1999). In general. Littoraria species do not seem to he 
restricted to particular tree species, but art* found on 
characteristic substrates tbark or foliage), at tv picul tidal 
heights and in tvpieal horizontal zones (seaward or land¬ 
ward fringes) within tlu* forest: furthermore, the assem¬ 
blages of species on continental margins and on oceanic 
islands are diJIerent (Reid, 1935. 1936a. 1999a) Some 
of the txpicalh mangrove-associated species can also be 
found on sheltered roekx shores, including L. ariindata 
osee Crowe, 1997),/ sinensis (Philippi. 1347Maeeoimts 
of distribution of Littorina srahra' on rocky short's of 
1 long Kong and southern ( Tina probablx reler to a mix¬ 
ture oi these txxo species, e.g. Ohgaki, 1935; W and Li. 
1933; You, 1990' and L. flara iking and Brnderip, 1332) 
Moutinlio and \lxes-Costa, 2000' Ecological data on 
those species that are lountl maiulx on rocks and drift¬ 
wood, such as / undulata and L. coccinca. art* scarce 
(Poulieek (*t al., 1994; Saeehi, 1994 Ohgaki. 1993 . 

Within the mangrove enviromnent those species in¬ 
habiting trunks and roots at lower levels on tlx* trees 
migrate vertically with the tide in order to remain above 
tin* vvatt'i* level i Yip]). 1935; Gutierrez, 1933; Ohgaki. 
1992 Jensen. 2000'. Similar behavior has been reported 
on rockv short's Ohgaki, 1993; Sxane and Pringgenies. 
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1997) and displacement experiments haw been carried 
out (Antvvi and Ameyan-Akumfi. 19S7 In contrast. spr- 
cics topically lonnd at higher levels among the foliage of 
mangroves arc not contacted 1>\ the high tide*, hut be- 
come active during rain and heaw dew Little' and Stir¬ 
ling, 1954; kohlmever and Behout, 1956; ()hgaki, 1992 1 
Littoraria irrorata (Saw 1522> occurs in salt marshes in 
the southeastern United States, when* it climbs the 
steins ol' marsh grass and descends to Iced on the sub¬ 
strate* at low tide. This behavior has been investigated in 
relation to both thermoregulation tMcBride et ah. 1959: 
Williams and Appel, 1959; llenrv et al. 1993) and avoid¬ 
ance ol predators (Warren, 1955; Vaughn and Fischer, 
1953, 1992; Dix and Hamilton. 1993: Duval et al . 1991 
This species lias been employed in studies of trail fol¬ 
lowing Stirling and Hamilton, 19S0 : Tankersley, 19S9. 
1990: Bobbins and Hamilton, 1996 . Unlike all other 
species ol the genus, it is entirely temperate in distri¬ 
bution and hibernates during winter Paul et al.. 1939 
Aggregation behavior lias been described in L flam on 
rocky shores in Brazil Montinho and \lvrs-( lost a. 
200 ( 0 . 

Littoraria species sulfer high levels ol predation. ap¬ 
parently utainlv from aquatic predators, accounting lor 
their avoidance ol submersion by the rising tide. In man¬ 
grove forests portunid crabs taka' snails al and below the 
water surlaee, while some grapsids are able to climb sev¬ 
eral metres ip into the trees (Muruthamutlm et al., 
1935. 1936; Borjesson and Szelistovvski. 1939; Ueid, 
1992b; Boneka et ak, 1993). Predatory fish mav also be 
important predators of juvenile Littoraria and species 
from lower vertical levels Hughes and Jones, 1935; 
Hughes and Mather. 1936; Borjesson and Szelistowski, 
1939; Catesbv and McKillup, 1993: Duncan and Szelis- 
towski, 1995). In salt marshes both portunid crabs and 
predaton- gastropods D/eAmgew/) attack L irrorata 
(Warren, 1955; West and Williams, 1956: Di\ and Ham¬ 
ilton, 1993; Schindler et al., 1994). There* is limited ev¬ 
idence of predation by birds on Littoraria species in tin* 
mangrove* canopy (Reid, 1957; Cook and Carbett, 1992) 
An unusual predate>rv association has recently [>ee*n re¬ 
ported in southern Queensland, where two sp<*cies e>f 
sarcophagid flies are a significant cause' ol mortality in 
L.fiJosa (Sowerbv. 1532) t McKillup and McKillup, 2t)(M): 
McKillup et al.. 2000; Pape 1 et al., 2000 In Vietnam. 
South Last Asia and India the larger Littoraria species 
are gathered Incalk for food In humans i kasinathan and 
Shanmugam. 1955; Poutiers. 1995'. 

On tropical re)cky shores Littoraria have* been report¬ 
ed to graze on diatoms, mieroalgae. cvaiiobaeteri.i and 
bacteria, but in mangrove and saltmarsli habitats addi¬ 
tional source's of food are available. Littoraria species 
appear to be opportunistic grazers, ingesting a range* ol 
fungal, algal, debit a! and plant material and their role in 
food webs has been examined Kemp et ak. 1990; ( airrin 
et ak, 1995). Several investigators have* stressed the* likelv 
importance of marine fungi in the* diet ol Littoraria in¬ 
habiting both mangrove trees Kohlmever and Bebout. 
1956; Christensen, 1993 and grass Newell and Bar 


lot'her. 1993; Burlnclier and Newell. 199-la. I>. C uaca et 
al.. 2000 W hetlier niangroyc* plant tissue* is a significant 
food source is debated Ohgaki. 1990. (ensen, 20(H); Let'. 
2001 and the composition ol tin* diet mav depend upon 
vertical zonatiou and tn*e species |e*nse‘ii. 2000 The' 
meehaiiieal lunetion of the radula has not been studied, 
but it has be*<*u shown tli.it the* form of (lie* raelular te'eth 
eliiiers consist < *i it lx in speeimi'iis ol the same species 
sampled lrom rock and wood substrate's, implying that 
toe)t1 1 shape is j)henotv'pieallv plastic Reid and Mak. 
1990 Crowth rate's can lie* rapid in tropical Littoraria 
spi'eies, most reaching asvmptotic size* in six inontlis to 
one* vrar Maruthamntlm and kasinathan. 1955: Burgt'tl 
et ak, 1957; Cruz. 1959: Bemeka et ak. 1997: Jensen et 
ak. 1999; Jensen 2000 Bre'e'ding and population ehar- 
aeteristies have* be*(‘ii reported in several Littoraria spe¬ 
cie's Berry, 1956: Warntlianmthu and kasinathan 1956; 
1i and Li. 1955: llerjanto and Thomas, 1995; |enseii e*t 
ak. 1999-. 

flic lntrusprcifie variahilitv of littoriniel shells has 
he*e*ii a common cause of taxonomic eonlusion in the* 
past. In a moiphometric stnelv oi L aiojithfcra through¬ 
out its Atlantic range*. Merkt and Lllison 1995 reported 
strong intraspreifie variation in shell shape, but argued 
that this was a consequence of ecophenotvpic effects 
rather than genetic dillerentiation. Ilovve'ver, an earlier 
study e>l the same* spe*eies over a more* restricted area 
had reached the* opj>e>sitt‘ eonelusion fimson. 1955 
W hen considering v ariation hetw(*i*n species, it has often 
been observed that slit'll thickness decreases in species 
zoned at higher levels on the* trees, reflecting adaptation 
to the* severitv of aquatic predation at lower levels Cook 
et ak. 1955; Borjesson and Szelistowski. 1959: Duncan 
and Szelistowski. 199S 1 and the danger ol dislodgement 
in tlu* canopy McMahon 19S5 . 

In mam Littoraria species the most striking aspect of 
shell variahilitv is the color polymorphism ol the shell. 
Indeed this feature has stimulated the most active field 
research on the genus, so that species of Littoraria have 
become recognised as a model system lor the studv of 
visible* genetic polymorphism Cook, 1992. I niortu- 
natelv. earlv studies suffered from the eonlusion of sev¬ 
eral dillerent svmpatrie species Hughes and Jones. 
1955; Hughes and Mather, 1956 It has been observed 
that there is a consistent correlation between monomor- 
phic although still variable shells and a low-level hab¬ 
itat on (rimks and branches, whereas species inhabiting 
foliage art* polv inoiphic Cook, 1953. 1956b , although 
under exceptional circumstances polv morphism lias also 
been reported in a trunk-dwelling species Cook and 
Bridle. 1995 . The* three principal morphs arc* vellow. 
brown and pink or ‘orange*') and each appears to be 
ciyptic against dilferent parts ol tin* visualk varied back¬ 
ground of the mangrove canopy, or to mimic elements 
ol the foliage Cook. 1953; Reid. 1957. \ssuming that 
the polv morphism is genetic in origin and not selectivelv 
neutral, there are a number ol mechanisms In which it 
could be maintained In natural selection He riel. 1957: 
(Wok and Carbett. 1992 Lvidence has accumulated lor 
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significant changes in morph fre<juciicics according to 
the composition ol the background ie.g. tree species and 
abundance ol loliagc: Beid. ]0S7: Look and Larbett 
19S0: Look, 1000a: Schmidt. 1993 and there has been 
one manipulative field experiment that si unvested the op 
oration ol Irequeney-depondenl <apostatic selection 
Beid. 1937). Xex'erthel ess, the identitx ol possible \ isual 
predators is a matter of speculation: birds, crabs and 
even Hies have been suggested Keid. I0S7: (look and 
Larbetl, 1002: McKillup et ah. 200(0 The differences 
in thermal properties ol the * 1 morphs max result in be- 
haxioral dilierences that contribute to site selection and 
background matching (Look. 1930b: Look and Lree- 
inan. 1930; Beid. 10Si). The color morphs ol L. ptdle s- 
rens have also been shown to differ in shell strength, 
size, variance and growth rate Cook et ah. 1935; Cook. 
1000b: Cook and Keiivon. 1003: Boneka. 1000. Boneka 
ct ah. 1007). 

Helativelx lew new anatomical studies haxe been car¬ 
ried out since 1030. I2gg capsule shape lias been docu¬ 
mented in a number ol additional species Bern, 1030; 

11 <) 1037; Milk. 1005 The ilagellnm-like structure of 
the paraspermatozoa is a character of plixlogeuetic sig¬ 
nificance (Heid, lVJOObk this has been named the pseu- 
dotrich and has been the subject oi structural and on¬ 
togenetic stud\ llealvand Jamieson. 1003: Buekland- 
\icks et ah. 2000s The (mictions ol paraspermatozoa 
have been reviewed In Buckland-Xieks 1003. Buck- 
land-.Nicks et ah. 1000' Lertman 1000 described the 
ultrastmeture ol the gill filaments oi L. artindatu. 

MATTRIAL AND METHODS 

Si itdl dimensions were measured with xernier calipers to 
0.1 nun. Shell height 11 ' is the maximum dimension 
parallel to the axis of coiling, shell breadth (B the max¬ 
imum dimension peipendicular to II and the length ol 
the aperture LA) the greatest length from the junction 
ol the outer lip with the penultimate whorl to the an¬ 
terior lip. Shell shape was quantified as tin* ratio II B 
and II/LA (relative spire height. SI I 

For general accounts oi the male and leinale anatomx 
of Litiorarid and methods ol studx. see Beid ( 1030a; 
1000a). Living animals wen 1 relaxed in 7.5L magnesium 
chloride m fresh water, fixed in IOC seawater formalin 
and stored in 30/7 ethanol helore examination. Paras¬ 
permatozoa wore examined Irom the seminal xesieles ol 
specimens fixed and stored in IOC seaxxater lormalin. 
The relative radular length was the total radukir kmgtii 


dixided b\ shell height. Badul.ie were cleaned l>\ soaking 
in a 1 1 \ poehlorite bleaching solution at room tempera¬ 
ture lor about 5 mm. rinsed in distilled water, mounted 
on a film ol polwiml acetate glue* on glass, allowed to 
dr\ in air. and coated with gold and palladium Ixiore 
examination in a scanning electron microscope. I'nworn 
portions of null line wen* \ iewed in three orientations: in 
standard flat \iew Irom \ertieall\ aboxe the radula • to 
show shapes ol teeth . at .m angle ol 15 Irom the front 
end ol the* radula to show shapes ol tooth cusps . and 
at an angle ol 15 Irom the side ol the ladula to show 
relief 

Institutional abbrex intions: 

WI3. \ustralian Museum. Sxdnex 

WSP. Xeademx ol Natural Sciences ol Pbiladelpliia 

B.MNI1. Natural Mislorx Museum. London 

MNUX, Museum National d 11istoire Xatmelle Paris 

NSMT National Science Museum. Tokxo 

N \ 1 \\ National Museums and (Galleries ol Males, (air- 

dill 

BN ML. Nationaal Natmirbistorisch Museum. Leaden 
l 3N M National Museum ol Natural 1 listorx. Smithson¬ 
ian Institution. Washington. 1)( 

ZMA. Institute ol Taxonomic Xoologx. Tnixersitx ol Mu¬ 
st ere lam 

SYSTEM \TI( S 

Litfnmria Littorinopsis s rahnt Liuu.ieus. 1753 

Distribution: New iccorclv Mascarene Islands: Bo- 
drigues NMM Vietnam: Lo Bixer. Nba Trang 
BMNII Lliina Sanxa. Hainan Island BMNII lai- 
xxan: Tan Slmi BMNII |apau: \mami () Shimn Kxn- 
slm l 'uixersitx : luoda. Khigaki Sliimn BMNII ( Tichi- 
jiuia and I labajima. Ogasawara Islands Lukuda. 1995 . 

Lifforahti LiKorinopsis lutca Philippi. 13 17 

Distribution: New records: Vietnam: Lo Bixer Nba 
Trang BMNII Indonesia. Lembar. I .ombok BMNII 

IJHnniria Littorinojisis pultcsn n\ Philippi. 13 IB 

Distribution: New records Vietnam: Lo Bixer Nba 
Trang BMNII (Tina: Sanxa. Hainan Island BMNII 
Taiwan: Tan Slmi BMNII |apan: Naze. Muamioshima 
K\ 11 si 111 Lni\ersit\ : kabria Bax. Kbigaki BMNII 


Figures t-13. Slic*lls of Uttoniha ben^ult visis new species and Littnraria intermedia I — I I. L henyilensis I, 7. Batu M.uing. 
Penang. Makivsi.i BMNII 200)01 I* I. male 7, leinak 2. L S. Paratxpes Hare Island, (mil ol Mannar. lamilnadn. India 

i BMNII 200101 tO; 2, S. leinale: 4. male 3, 0. I’nOconii T.imiliiadn India BMNII 200007S5. females 5. Snngri Merbok. near 
pantai Merdeka. Kedah. Malaxsia BMNII 200101 IS male 9. \u N.iiii Bor, Phuket Island. Thailand BMN 11 20010117. female 
10. Ilulotypr: Hare Island. Hull'of Mannar lannlnadii India BMNII 200101 1 t male II. \o Nam Bor Plmket Island. Hiailand 
iBMNll 20010110: male 12, 13. L interim (far llar< Island (mil ol Mannar Tamilnadn. India BMNII 20000751 12, male 
13, lemak* 
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AVestern Australia: H<*rkc*lt*\ River, AV roast Joseph Bon¬ 
aparte Gulf" BMNll); Mangrove Bav, Gape Range 
BMNll). Mariana Islands: Meri/o. Guam ( BMNll . 

Uttoraria i IJttorinopsis) bew*alensis new species 
Figures 1-1 1 14-16, 20-22, 21. 35) 

Litterbin seabra Nielsen, 1976: 1—4. fig. 1A in part, includes 
L. s cabra (Linnaeus, 1753 L palleseens Philippi, 1346) 
and pmhuhlv L. intermi'dia 1 1 *1 iilip]>i. 1346)). 

Uttoraria intermedia Beid, 1935: 39-63, figs 9, 11 (zonation) 
ifie. 9 includes L. intermedia Philippi, 1346)). Gook and 
Garbett. 1939: 5, fie. te. 2e (penis) (in part, includes L. 
intermedia \ Philippi. 1316)). 

I Mtora ha Littorinopsis intermedia Keid. 1936a: 124 135. 
figs 43l>. 44e. 1', 45c, d. 46|> (penis). 16k paraspeimato/oa' 
in part, includes L. intermedia Philippi. IS46)). 

Etvmulogv: From the Bax of Bengal, of which the 1 
known distributional raugt 1 ol this species spans tin 1 
southern part. 

Types: llolotvpe BMNll 20010114 (Figure 10); 17 
dly para types BMNll 20010140 (Figures *2. 4, S); 100 
paratvpes in ethanol BMNll 20000755; 4 dry paratvpes 
LTSNN1 1000SS7 

T\pe locality: Hare Island. Gull ol Mannar, Tamilnadii, 
India. 

Material Examined: 32 lots; 15 penes; 7 sperm sam¬ 
ples; 4 pallia! oviducts; 4 radulae. 

Shell (Figures 1-1 l): Adult size range 12.3-25.6 mm. 
Shape elongate-turbinate (11/B 1.49-1.36; SH = 

1.72-2.16); whorls moderately rounded, suture im¬ 
pressed, periphery ol last whorl angled, often with a 
raised rib; relatively thin-shelled. Mature lip sometimes 
slightly flared in males, varices rarely formed. Columella 
wide, pillar straight or slighth convex, excavated. Sculp¬ 
ture of (3)9- 10 primary spiral grooves on spire whorls, 
equally spaced; primarv grooves remain as incised lines 
or up to 0.2-0.3 rib width on last whorl, often slighth 
deeper and wider posteriorh (where occasionally pos¬ 
terior groove mav be 0.5 1 rib width); intervening ribs 
remain undivided until last whorl, where 1 2—4 posterior 
ribs (excluding rib adjacent to suture) become divided 
by a central impressed line; peripheral rib usually raised, 
oecasionallv eariuate: sometimes a narrow riblet inter- 
polaled in 2 3 posterior grooves; basal ribs finer; total 
ribs on last whorl 21 35. Surface glossv, spiral micros- 
triae faint or absent. Broiocoueli 0.35 mm diameter. 3.5 
whorls, with spiral ribs and simisigera notch. Color var¬ 
iable 1 : ground color cream, pale vellow or ochre: pattern 
ol dark brown dashes on ribs, on spire whorls dashes are 
usuallv axiallv aligned to lorm oblique or zigzag stripes, 
hut on last whorl dashes become less discrete and break 
up into dilluse blackish to red-brown mottling; olten a 
broad paler zone on middle of bast 1 : pattern sometimes 
I ail it. so that shell appears vellow with grev-brovvn mot- 
ding. Golmnella purple brown to dark violet: aperture 
with exterior pattern showing through and not obscured 
bv tin 1 thin whitish callus. 


Animal: 1 leadloot. opercnlnm. pallial oviduct and rad- 
nla (Figures 34. 35) do not differ significantly from those 
of L. intermedia as described bv Beid 1936a). Penis 
Figures 14-16, 20) bifurcate; large dark brown glan¬ 
dular disc carried on long branch of bast 1 ; smooth blade- 
shaped filament with nmcronate tip. separated Irom 
wrinkled base bv constriction, 0.4-0.5 total length of pe¬ 
nis; entire vas deferens from tip of penial filament to 
prostate closed as a duct. Paraspennato/.oa (Figure 21; 
Beid. 1936a: fig 46k) 14-26 pm (including rod pieces): 
rod pieces composed of a bundle ol several narrow el¬ 
ements, or rarrlv single, usuallv projecting from cell: cell 
filled with large round granules. Ovov iviparons; enibrvos 
brooded between gill folds in mantle eavilv until veliger 
stage: dev el op men t planktotrophic. 

Distribution: Habitat on branches and loliage of 
mangroves (Arieennue Rhizophonr Sonncratia) and 
niaritinie trees ( Pemphis ), up to 3.5 in above ground, 
always above water level; most frequent at seaward edge 
of mangrove forests, but extending far back into forest 
(set 1 Beid, 1935: figs 9, 11, for zonation; as L. interme¬ 
dia ); only rarelv found on rocks. Found in moderately 
turbid and estuarine localities as well as on nearshore 
islands. Range (Figure 22) from India to western Malay 
Peninsula and northern Sumatra. Records: India: ( ban- 
pati Beach. Mumbai (USNM Yengurlad 3NM Man- 
dovi Kstnarv. Goa ‘BMNll); Netravata R. Mangalore 
(USNM); Cochin Harbor (ANSP); Alleppev (BMNll 
Tuticorin (B M N 11 USNM Krusadai 1.. Gulf of Mannar 
BMNll); Portonovo, Taniilnadn (BMNll): Ghemiai 
BMNll Port Blair, Andaman Is BMNll Burma: 
Thavavvthadangvi Kvun (Elphinstone 1. . Mergui Arch. 
(BMNll); Kadan Kvun King 1.), Mergui Arch. 
BMNll); Eanbi Kvun (Sullivan 1.), Mergui Arch. 
BMNll). Thailand: Gob Contee, Ranong N1C /) 70 kin 
S Ranong BMNll); Ao Nam Bor, Phuket 1 BMNll); 
Pnlau Tanga, Butang Is (USNM). Maluvsia: Merbok Es¬ 
tuary (BMN 11): Batn Maung, Penang (BMNll); Malang 
Estuary BMNll). Indonesia: Belavvan, Deli, Sumatra 
(BN 11 id Sinabang. Simeuliie I. (BN1IL 

Remarks: In his discussion of 1 intermedia Reid 
(1956a: 131) noted that specimens from southwestern 
Thailand. Penang and India had thin-walled, olten large 
shells with an irregular color pattern. This lorm occurred 
together with tvpieal L. intermedia at Phuket Island. 
Thailand, v<A was not considered distinct, since it was 
claim* si that inti Tmediates were present and because no 
anatomical differences wen 1 observed. Although the 
shells can be closely similar and anatomical differences 
an* slight, new evidence supports recognition of this 
form as a distinct species. This was first suggested bv 
field observations at tin 1 tvpe locality (Hare Island. Gull 
of Mannar Here, three species occurred together on 
shrubs ol Pemphi .v overhanging a sheltered sandy lagoon 
behind a fringing reel. There was a clear zonation L. 
intermedia was present on trunks at a level of 9-30 cm 
above tin* high water mark: L. srabra occupied a zone 
30 60 (-in above 1 high water, on trunks and branches. 
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whereas a third species L. bem*alensis occurred on 
both foliage and brandies Irom a height ol 00 100 can. 
The* three* species could be separated In shell characters 
(see below) and, most significantly all three were cop¬ 
ulating onk with conspecifies. Subseijnent anatomical 
examination lonnd a consistent difference in the penis 
of L. bengalensi.s and L. intermedia Keexamination o! 
museum collections has revealed sv inpatric occiirreiuv 
(mixed samples) ol L. Ixmealensis and L. intermedia at 
the following additional localities: (kille. Sri I anha 
(0MX1M; two islands in Mergui \n *hijxdam>• Kurina 
(HMMI Ao \am Ror, Phuket I Thailand I1MMI 
Pnlan Tanga, butane Is, Thailand I'SWI Sinabang. 
Simeulutd . Indonesia H\1IL 1 n each case* separation 
ol shells was straight lorn aid. with no intermediates, and 
males irom Ao Nam Hor wen* also distinguished using 
the same penial characters as at the t\pe localit\. 

The differences between L. bengaleusis and L. inter¬ 
media art* summarised in Table* 1 The shells ol L. in¬ 
termedia show considerable geographical and ecotvpic 
variation sec* H(*id, 1936a, and below) so the descrip¬ 
tions appk onk to specimens from within the ideograph¬ 
ical distribution ol L Ih'tigalcnsis and Irom the man¬ 
grove habitat. For comparison, shells of L. intermedia 
from the tvpe localitx ol L. bcngalensis arc* illustrated 
Figures 12, 13). The* shells of /,. ben^alensis arc nsualh 
larger, up to 2S.fi mm, those ol L intermedia rareh ex¬ 
ceeding IS mm (although the* maximum si/e ol the spe¬ 
cies as a wholt* is actually greater. 32 nun; Keid, 1936a 
The\ are also ol thinner texture, with more 1 sharplx an 
gled peripherv, than those of L. intermedia Sexual di- 
moiphism is evident in both species Figures 1 13k 
males being smaller and with a relatively lower spire and 
larger aperture ( Hekl. 1936a however mal(*s ol / ben- 
gi alensis oft(*n have a more clongatelx patulous shape, 
reminiscent of a Snreinea (compare Figures 5 and 12 . 
The overall color ol the slit*11 is ochraceons or xellowish. 
with brown pattern, in L. benaalensis: in contrast, that 
ol L. intermedia is grew with black to brown pattern. In 
detail, the dark pattern of dashes on tin* ribs is similar 
on tlic* earlv whorls ol both species, but on the final 
whorl the dashes of/,, intermedia remain more discrete 
and axially aligned, whereas in L. benaalensis (Ik* pattern 
becomes more diffuse and mottled. In both species 
there appears to lx* a direct effect of substrate upon 
shell color, presumably mediated through diet Keid. 
1936a). Shells from Rltizophora and Vempbis arc* darkk 
patterned, whereas those from .\i ieennia and Sonueratia 
areeonspiciioii.sk paler. Onk L. intermedia is known to 
occur on rocks and these too are usnalk relathek pale 
in color. 

The only anatomical difference that h<is been ob¬ 
served is the shape ol the penis: that o! L beinjiilensis 
has a more robust filament and a larger glandular disc 
borne on a longer branch ol the base (although the pro¬ 
portions of the penis depend upon the degree ol relax¬ 
ation. see Reid, 1936a: fig. 46> In all animals examined 
the penial glandular disc ol L. bemjtileitsis was dark 
brown, whereas that ol /,. intermedia was cream or vel 


lowisli. There ma\ also be a dillerenee in tin* parasper 
mato/oa: in 6 betigalcnsis the rod pieces usnalk project 
Figure 21 Keid. 1936a: fig. 46k'. but in L. intermedia 
they seldom pierce tin* o\ul outline ol the cell Keid, 
1936a: figs 46i. j based on 7 and 3 sample's respec¬ 
tively . 

There is little information on the comparative habit.its 
ol L. ben<ialensis and L. intermedia since (Ik* two have 
onk reeenth been distinguished in (Ik* field and found 
in svmpatrv. The available* observations indicate that L 
bewialcnsis is found higher on the trees, throughout a 
greater width ol the mangrove lores! and that it is more* 
tolerant ol turbid and estuarine conditions. For example, 
at the nmddv ba\ ol \o \am Hor. Phuket Island Keid 
193.5: fig. 9 recorded L. intermedia' from throughout 
a mangrove stand 30 m wide, through to the landward 
/one* and at heights ol up to 3.5 m above the* ground, 
both species are present at this site 'collections ol Keid 
in HMMI and since in other parts o! its range L in¬ 
termedia sens// strieto is known to occur mainh at the 
seaward edge and at low levels on trees, it is likelv that 
tin 1 high-level and landward records appk to L ben<ui- 
lensis. \i tlx* nmddv. turbid site ol Hatii Manng, IVnang. 
onlv L. ben*ialen\is was present and hen* Keid 1935: 
fig. II. as L. intermedia' recorded it from throughout a 
belt ol Ar ieennia 10 m wide and from up to 2.0 in above 
the ground. Likewise in the nearby Merbok Hstnarv L 
brn**alen\i s occurred alone and Irom seaward edge* to 
landward fringe (personal observation . The tvpe localitv 
ol L bcn*zalcnsis is a sandv island with a I ringing reel 
and dear water; here both species occurred and L hen- 
^alensis was lonnd above the level ol L. intermedia and 
on both loliage and branches, whereas the* latter w.is 
present onk on trunks and has rareh keen found on 
leaves elsewhere. Keid. 1935*. Littoraria henizalensi.s has 
so far been recorded almost exdusivek on trees one* 
specimen on a sheltered rocky shore near Kanong, fliai- 
land; HMMI whereas / intermedia is commonh 
found on both trunks and sheltered rockv shore’s Keid. 
1935; 1936a 

Keid 1936a: 57 53 discussed a distinction between 
Littoraria species with Oceanic’ and Continental distri¬ 
bution patterns, representing extremes on a gradient ol 
ecological tolerance, flu* former relerred to a suite ol 
habitat characteristics including dear water, normal sa- 
liiiitv. narrow mangrove fringes or seaward edges ol 
broad mangrove* belts, and oil shore islands. In contrast, 
'continental' habitats were characterised !>v turbid, es¬ 
tuarine water, eiitrophic conditions, and broad forests on 
continental margins It is dear that on this continuum 
/>, ben^alensis extends to more Continental' habitats 
than L. intermedia For example, in the \ndaman Sea 
both species have been recorded Irom the \ndaman Is¬ 
lands Mergni \rchipelago. Phuket Island and Kutaug 
Islands details given above : these are all ‘oceanic* site's 
However, at a nmddv site on Penang and in both the 
Merbok and Matang Fstnaries. and in the vicinitv ol 
Kanong. on or close to the mainland o! the Malav Pen¬ 
insula. L. bniiialensis occurred alone large collections 
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h\ D G. Reid, 1 Vshton and | D Tax lor respectixelx 
all BMXII Similarly in India /,. bengalensis lias Ihh ii 
recorded oxer a large extent of tlir continental coastline, 
from Mi i m 1 >ai to Chennai, from islands in the Gnlf of 
Mannar and from (mile in Sri Lanka. In contrast, in tin* 
same region h intermedin lias hern recorded onlx from 
islands in the Gulf of Mannar, from ( mile and from Trin- 
eonialee, Sri Lanka (see belowA all of which appear to 
be ‘oceanic' sites. On a xxider geographical scale the dis¬ 
tribution ol L intermedia extends across the Oacilic to 
tin* islands ol llaxxaii and Polynesia, again reflecting tin* 
‘oceanic*’ character ol this species. 

The i mil hern limits of L. heugalensis in tin* Bax of 
Bengal ore not clear oxving to the fexv axailahle enilee- 
tions from northeastern India and Bangladesh. So far. 
only txxo Uttoraria .species Iiaxe been recorded from 
Bengal and Bangladesh, L delicatida and / melano- 
stoma (Reid. I9S6a: see below*. 

The many morphological similarities betxxeen L. hen- 
iialensis and L. intermedia leaxe little doubt that the two 
are sister species. Likelx sxmapomoiphies include tin* 
blade-shaped penial filament xxith mucronate tip and the 
bundles of narroxx* rod-pieces in the paraspermato/oa. 
both unitjiie in the genus. The closed penial vas deferens 
is a likelx sxnapomorphx ol a chide comprising L. hen- 
galensis. L. intermedia , L. snhiittata Reid 19S6 and L. 
pbilippiaua (Reexe. IS57) (Heid, 1999b). 

Contusion ol L. hcngalcnsis xxith other species is less 
likelx. In southern India and the southern \ndaman Sea 
its range oxerlaps xxith that ol L. scahra and the txxo can 
be found sxmpatrieallx in rclatixelx ‘oceanic’ habit,its (in¬ 
cluding the* txpe locality in the Gulf of Mannar Litto- 
raria scahra is easilx recognised b\ its wide. white col¬ 
umella. Uttoraria palleseens Philippi, IS-lfi» is <*x«*ii 
more oceanic in character than L scahra and has been 
recorded sxmpatrieallx xxith L hni^alensi v onlx in the 
Andaman Islands. Penang. Butang Islands and Phuket 
Island; it is distinguished bx its eolorlul. polxmorphie 
shell, lack of seeondarx sculpture and the rounded inner 
lip ol tlu* aperture. In each case penial characters arc* 
diagnostic Reid, 19<S6ak The distribution ol / henga- 
Icnsis just touches that of L. delicatida . single* specimens 
of the latter haxing been seen from the Gull ol Mannar 
and the Andaman Islands, although most are I nun the 
head ol the Bax of Bengal (set* below*. Shells of these 
two species can be superfieiallx similar both max be 
thin-shelled, and xelloxv xxith a laint or dill use pattern. 
Nexertheless. thex can alxxaxs he distinguished hx the 


more numerous primarx grooves ! ] 11 and much finer 

sculpture* 30 ribs on final whorl' ol L delicatida: the 
columella ol that species is narrow and exeaxuted in the 
txpieallx xerx delicate shells, although it max approach 
that ol L. heniitilensis in xxidth in occasional thicker 
shells. The shape ol I,, delicatida is snbtlx differi*nt: the 
spire xxhorls are Hatter and the spire usuallx slightlx tall 
er. Most importantlx, the penis ol L delicatida is entirelx 
dilh*rent f igures 31.32. see beloxx . 

IJttoraria dJitorinojisis intermedia Philippi. IS40 
Figures 12, 13. 17 19. 22- 

Sxnonxmx as in Reid !9S(3a . excluding the c*ntiies now 
listed under L. hennalcnsis ahoxc*. Xew r(*lerences: 

iJttoraria Littonmtpsis inti run ilia Reid. l9S6a 121 133. 
ligs 43a. c i. 4 4a d. g i. 13a. 15b protoconch . e. 131 
• radula 46a c-h penis . 4(3i. j paraspennato/oa . 46i-o 
oviduct 47 distribution in part, includes L bcnizalcn- 
si.s new species 

Distribution: Records and distribution as in Reid 
L9S6a: 132-131. fig. 17. but excluding all records Irom 
mainland India except those listed beloxx. and also ex¬ 
cluding records Irom Penang. Merbok estnan and Be- 
laxxan i the * excluded records applx to L. hcn<*alensi s. set* 
aboxe The doubtful record Irom the Galapagos Islands 
Reid. 19Sf>a: 131 is now considered unreliable and 
should be excluded Reid and Kaiser. 2001 \exx and 
reconfirmed records: kenxu: kilili R estnan BM\li 
Saudi Arabia: |(*ddah BMXII Oman: Masiiah 1 
ZM A khor Al-Jarama Ras \l-lladd BMXII : Bandar 
khaxran BMXII United Arab Fmirates: Kujaira 
BMXII Ras M-khaimah khor. Dubai BMXII khor 
kalba. Sharjah BMXII India: islands in Cochin Har¬ 
bour, kerala \XSP . Manali I and Hare I (Hill of 
Mannar BMXII Thailand: krabi BMXII Malaxsia 
Pulan (‘.axa. kola kinab.ilu. Sabah BMXII ; kudat, Sa¬ 
bah BMXII . Vietnam: Lo R Xha Trang BMXII 
(Tina: Beigang l Hainan BMXII Indonesia: kuta 
Beach. Lombok BMXII Philippines Mandalee S I I 
Xido. X Palaxxan BMXII Taixxan fan Shui , B\I X 11 
|apan: Ishigaki BMXII Vikoshima S. I'o/.nmi Colin 
Vmamioshima S Lo/mui(‘olln : Shirahama. Wakaxama 
BMXII (dnehijima. Ogasaxxar.i Islands Fukuda 
1993 \ustralia Mooli Mooli R Xew South Males 
VMS Tonga: Sopu, Xukualola. Tougatapu BMXII 

Remarks: Reid 19S6u characterised this as a txpi- 


Kigures 14-21. Penes and paraspenn.ito/na ol ' Littcraria beni*tilen\i\ new species and t.iitonirin intermedia 1 1-16, 20. IVnes 
of L bcngalcnsis 14 - 10 . Paratxpes: Hare Island Gull ol Manual. Tainihudii. India BMXII 20000733: shell II 17.0 nun 10. t 
nun. 16.6 nun 20. \o Xam Bor. Phuket Island. 1‘li.ul.uid B\l X 11 200101 16; shell II 13.0 nun IT- 19. Pi •ties ol /. intermedia 
17, IS. Hare Island. Gulf of Mannar, r.umlnadii. India BMXII 200110734 shell II 12 S nun 13 3 mm 19. V> X.un Bor. 
Phuket Island. Thailand BMXII 20010119 shell II 13.1 nun .21. Paraspcrmato/oa Irom one paratxpe ol /. bc/igr/AmR: I hire 
Island, Gulf of Mannar. Tamilnadu, India BMXII 20000733 \hhrr\ lations ph. penul base wrinkled . pi. penial lilaiuent smooth . 
pgd, penial glandular disc. Stipple on penial glandular disc indicates dark brown coloration, shading at base ol penis indicates black 
pigment in epithelium 
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I'al.kl Sinmnan ol diflerences between Littomria brugev/emix new speeies and L intermedia shell characters apph to specimens 
Ironi mungreive habitats in northeastern Indian Ocean <>nl\). 


(diameter 

Lit tom ri a ben g<v lens is 

Littomria intermedia 

Shell shape 1 

Larger (to 29 nun thinner texture, peripheral 
angulation with raised rib 

Smaller to IS min', more solid, more rounded 
peripherx 

Shell color 

Ochre to \ellow, with brown pattern; on last 
whorl the dark dashes are diffuse 

Ore\. with black to brown pattern: on last whorl 
the dark dashes remain discrete and axially 
aligned 

Penis 

Hohnst filament: brown glandular disc borne on 
long branch ol hast 1 

More slender filament; cream glandular dise 
borne 1 on shorter branch ol base 1 

Paraspennato/< ia 

Hod pieces project 1mm cell 

Hod piece's seldom project Irenn cell 

Habitat 

More tolerant ol turbid and estuarine condi¬ 
tions: occurs higher on trees and throughout 
forest; found on trunks, branches and foliage. 
rarcK on rocks 

Preference lor clear water; found lower on trees 
and only common at seaward edge 1 ol lorest; 
found on roots trunks and sheltered rocks 

Distril nition 

Northeastern Indian Ocean, ironi India to west¬ 
ern Malax Peninsula and northern Sumatra 

()ceurs widelx throughout lndo-West Pacific re¬ 
gion 


callx oceanic* species, with a wide distribution hum 
South Africa to tlu 1 lied Sea, throughout the lndo-West 
Pacific tropics to Hawaii and Polvnesia. \\ itliin this area 
he pointed out three 1 distinctive geographical forms, 
from the 1 central Pacific, from the* western Indian Ocean 
(including tlie 1 Hed Sen) and from India and the \nda- 
man Soil. It is demonstrated above that the 1 last ol these 


is a distinct species L bcugalcitsi.s. Its recognition re 1 - 
moves the aiiomalv of the occurrence ol this ‘form' in 
the 1 relatively contincmtal conditions ol broad mangrove 1 
forests in estuaries on the 1 mainland shores ol the 1 west¬ 
ern Malax* Peninsula. An obvious question is w hether the 
other ‘lornis might also deserve specific* status. Vccord- 
inglv, nmc‘h new* anatomical material has been examined 
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Irom tlin)i 1*^1 lout tl.c> range* ol this spevics. m particular 
OR pe*nes have* be*e*ii drawn. However no obvious dis- 
continuities Iia\t* been lound. Furthermore. in areas 
such as tin* Solomon Islands. New Caledonia and Fiji, 
when' overlap in the ranges o( a putative fudo-Malav 
speei(‘S (the ‘tvpieal form*) and a putative central Pacific 
species might have* been predicted. no evidence has 
been lound lor the svmpatric occurrence* of discrete* 
conehological or anatomical tvpes. Instead, the evidence 
contimu's to suggest a single* widespread species, tvpieal 
o( oceanic habitats, in which shell characters show small 
and gradual changes (in the color pattern. fre<|uenc\ of 
color morphs, and presence ol secoud.irv sculpture) 
across tin* considerable geographical range. Shell char¬ 
acters continue to show a strong correlation with habitat 
as well as geography, as pointed out bv Reid » lOSRa). 
Thus, throughout the range, those specimens Irom rochv 
shore's laud Irom certain mangrove tree species such .is 
\iiccnnia and Soimrratia) an* paler in color and show 
a more* diffuse pattern, in comparison with the typically 
dark shells lound on Illtizojihora trees, which are (lit* 
prevalent shell type in the lndo-Malav and \nstralian 
regions. 

The new records listed above* significantly extend the 
known range ol this specie's in Arabia, the South (Tina 
Sea. and southeastern \nstralia. In Japan, the record 
(Venn Shirahama confirms the* presumably sporadic) eie- 
ciirremce* ol this species in the Kii Peninsula the* record 
in Reid. 19S0a. was based on a shell illustrated bv 1 lain*. 
1964). Additional collecting in northwestern Australia 
(M Stnckev. personal communication) lias jailed to find 
this spe'eies further vv<*st than the* Coburg Peninsula, so 
its absence from Western Australia appears to be real. 

Lit t ora rid [Littoriiiopsis) suhrittata Reid. lOSRa 

Distribution: New record: Mascarene* Islands: lh) 
drigiu's (NMW 

Littoraria {Uttorinopsi.s ] philippiana ; Reeve*. 1S37' 

Distribution: New records: New South Wales: Wooli 
Mooli River AMS 

Littoraria {Litforiuoj)\is ] filosa Sovverbv. IS32 
i Figure's 23—30 

Animal: Penis i Figures 23-30': in specimens Irom 
Western Australia the glandular limb is oiten longer and 
more robust than previously reported Reid. lBSfia: fig. 
54); it mav he as long and up to 3 times as broad as the 
penial filament. 

Distribution: New records: Northern Territory l or 
svth (Teek. F coast (osi'ph Bon.iparte (mil RMNII 
Western Australia: Berkeley River anil Revelv Island. W 
coast |os('ph Bonaparte Chill RMNII 

Remarks: Reid 19S6a> noted that the geographical 
form found from ('apt' Revenue to I'Amoiith (mil in 


Western \ i ist * alia dillered Irom tin* typical lorin on th** 
oast and north coast ol \ustralia bv more numerous but 
less promiii(*iit primary ribs and bv details ol color pat 
tern Taxonomic recognition was not considered justified 
since no anatomical dillereiices were detected. New ma¬ 
terial Irom throughout the range in Western \ustralia 
including the two listed above that fill in a gap in the 
known distribution confirms the reported shell differ¬ 
ences. but adds some significant details. Hie tvpieal ear 
mate eastern' shell tvpe extends to both localities in 
Joseph Bonaparte (hill listed above, whereas a large' 
sample* about 100. RMNII Irom ( ape* Revenue dis- 
plavs characteristics intermediate betweem e*aste*rn and 
western slwlls. The* western lonns often, but not alvvavs. 
have* penes with an unusually long and robust glandular 
branch of the* base*, exceeding in si/e am se*e*n Irom 
northern or eastern \ustralia samples ol 30 vve*ste*rn and 
33 e*aste*rn peiie*s . In none- ol the' sample's Irom Western 
\ust i alia or Northern Territory is there* am morpholog¬ 
ical evidence* for a mixture' e>l two discrete shell types 
with ceinvlated pe*nial iliIie*re*ile*e*s. 4 he* e*arlie*r taxonomic 
conclusion therelore se*e*ms justified Irom a morpholog- 
ieal viewpoint, and the* evidence* appears tej show a 
Blending ol characters between tvve> lonns with a con- 
timious distribution, rat he r than alleipatrv en limited 
ove'Hap betvve*e *11 two distinct le>rms. However. this in- 
te*re*sting case should be inv<*stigate*tl wit 1 1 ge*ne*tic te*ch- 
l»ie 11 ie*s prese'iitlv being done* bv \1 Stu(*ke*v. t T nive*rsit\ 
of Western \ustralia . 

44ie* apparent tivnel towards a longer glandular branch 
in the* pemis of the we'stern lorm e>l L. filosa might repay 
further investigation. It could he* signifie ant that tlie* cast 
(*rn form (with n*lative*lv shorter glandular branch is 
hroadlv svmpatric with L. philippiana a cenigeiier with 
a much longeT glandular hranch. In e-ontrast the* westi*ni 
form iwith relatively longe*r hranch is largely syinpatrie* 
with L oimndata . in which peni.il shape* is more* similar 
le> that ol the eastern lorm ol L. filosa se*e* Reid. IDSfta* 
figs 11.3S I I penial shape* is a specie's re*ceignition char¬ 
acter. its variation within L. Iilo.sa might sugge*st a case 
ol character displaeeme-nt. 

Littoraria IJtforinojisis ardouiniana lle*uile*. ISS3 

Distribution: New records Taiwan: Tan Sliui. ( Tina: 
Saliva. Hainan. Vietnam: Sun Sot ( Tve. I la Long Bax; 
Ro River. Nha Trang. Singapore: (Tangi Se >i it 1 1 all 
RMNII . 

Littoraria Littorinojisi.s drliratula Ne*\ill. 1SS3 
Tigurcs 31 33. 30. 37 

\niinal: I\*nis Figure's 31. 32 bifurcate*, glandular 
disc large, with thin margin; filament small. 9.2 total 
length of base. separate*el Irom vvrinkleel h.ise* In con¬ 
striction: sperm groove open, ParaspeTinatozoa Figure 
33’: 1 \ 20 pm. oval. 1 raivlv 2 large* rectangular rod 
piece* filling cell: granule's large, lew. distinct observa¬ 
tion of single* sperm sample preserved in StT7 etbanol. 
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whieli max cause shrinkage of about 20C Reich 1090 
6). No data nil female. Hadula Figures 30. 37 rclatixc 
length 0.70: rachidian tooth: base* flared. central c-usp 
shield-shaped, small cusp and out 1 denticle on eac h side: 
lateral tooth: 5 cusps, largest central cusp blunt: inner 
marginal tooth: 4 cusps; outer marginal tooth: 5 cusps. 

Distribution: Habitat foliage ol \riccnnia alba on 
muddx rixer bank; xxatrr ol loxx salinitx from 2-3C in 
xxet season to 16.5*4 in tin season' G IVndred. per¬ 
sonal communication) Nexx n*corcls: Hoi Ira Kaak < !l ia\ - 
labogi, Sundarbaus. Baugladesli (BMNII Krusadai Is¬ 
land, Gulf of Mannar, India tBMNll 1 

Remarks: Bead (1956a) did not li axe access to anx 
preserxecl specimens, but since then two males haxe 
been dissected and one ratio la prepared. Based on some 
similaritx' ol shells. Reid (1936a' suggested that L. dcli- 
catula xvas most closely related to L ardoniniana and 
that anatomical exidence xxas required to confirm that 
they xxere indeed distinct. The nexx lx described jxaiial 
form is sufficienllx different from that ol L. ardoniniana . 
in xxhicli the filament is large* nip to hall total length of 
penis; Reid. 1936a 1 to leaxe no doubt that the two are 
separate 1 species. The paraspermatozoa are similar in 
both. The penis of L dclicatula does not differ signifi¬ 
cantly from that of L. jiallcsccns and the radnlae ol these 
species arc 1 also closelx - similar. Uadular tooth form is not, 
hoxvexer, a reliable taxonomic character in Littoraria 
(Reid and Mak, 1999 Despite the penial similarity L. 
dclicatula is believed to be distinct from L. jwllcsccns. 
since tlu 1 shells are xerx different tdelicate, xxith 1 1-14 
primarx grooxes. 35-50 ribs on last xxhorl and narroxx 
columella in L. dclicatula ; solid, xxith 9-10 primaiy 
grooxes, no secondan sculpture and broad columella in 
L. pallcsccns ■ see Reid, 1956a). Paraspermatozoa also 
differ, being rounded xxith small rod pieces in L. pallcs- 
cen.s (although onlx a single sample has been scam in L. 
dclicatula). These two haxe not xet been collected to¬ 
gether. but both haxe beam recorded from the Andaman 
Islands (Reid. 1956a), so that the conclusion that tliex 
are distinct might be tested in future. There is a super¬ 
ficial similaritx to L Innioalcnsis see aboxei 

The nexx - record from the* Gull ol Mannar greatly in¬ 
creases the knoxxm range of this species, prcxiouslx re¬ 
corded onlx from Port Gunning Bengal and the 1 \n- 
daman Islands. It is likelx, hoxxexer, that the center ol 
distribution is the northern Bax ol Bengal. Onlx single 
shells arc 1 axailable from the Andaman Islands (BMNII 
Reid, 1956a) and the* Gulf of Mannar. The latter xxas 


collected in 195 1 b\ R. \\ iuckxxorth; the species xxas not 
found on a recent xisit to the Gull ol Mannar personal 
ohserxation. 2000 and is presumablx rare in this area. 

Littoraria \Valustorina mchmostoma (Tax. 1359 

Distribution: Nexx records: |apan: Mixako Island: 
Viexamu Islands lligo c4 ak, 1999 

Remarks: Reid 1956a recorded the rare occurrence 
of a pinkish orange 1 morph in this normally monomor 
pliic species. This has noxx been seen in two samples 
from localities in I la Long Bax. Vietnam BMNII tin* 
fnMjiiencx xxas loxx i2C and 5C. N 21 and 11 and in 
eac h case the 1 specimens xvere collected among saltmarsh 
grass (see Remarks on L. carinifcra' 

Littoraria \ Palustonna ) carinift'ra Menkc, 1550 

Shell: Two c*as( i s of color polxmorphism haxe been re¬ 
corded >n this species, hitherto thought to be rather con¬ 
stant in coloration Reid 1956a I n a sample of 75 shells 
from Lein bar. Lombok BMNII most had a cream to 
grex ground color xxith red broxxn pattern, but in sexen 
shells 9 r f) the* ground color xxas orange*. Tlu* sample 
xxas collected on trunks of clxxarf Aviccnnia and Sonncr- 
atia treats 1 m in height on a muddx foreshore. A second 
pohmorphic sample xxas collected among sallmarsh 
grass 70 km south of Ranong. 4'hailancl BMNII Here 
the shells xxere ol the small smooth form e.g. Reid. 
1956a: fig. 32i *; the range* of colors xxas similar and three 
i 6.5*4 > ol 16 shells xxere orange. 

Distribution: Nexx record: Indonesia: Lem bar. Lom¬ 
bok (BMNII 

Remarks: Klsexxhere in the subgenus Palnstorina 

pinkish orange shells an* xen rarelx encountered in L 
articulafa and L . inclanostoma. although this morph is 
xvidelx distributed though alxxaxs at loxx Iretpiency in 
pohmorpliie inembc*rs ol the .subgcims IMtorinopsis 
Littoraria (vninifrra is iiormallx found on trunks at loxx 
lewis (up to 0.5 in' on trees in the landward fringes ol 
mangroxe forests Reid. 1936a: 192 and shells from this 
habitat are of oxerall dark broxxn color and not poly¬ 
morphic or xariable. It max be significant that both poly- 
morphic samples arc 1 from foliage 1 in opc*n sunny condi¬ 
tions. in other xvords from xisuallx xaried microliahitats 
\xhere the animals might he exposed toxisual predation 
ie.g. hx birds or crabs . It is under exactly these condi¬ 
tions that the pohmorphic species of the* subgcims Lit- 


Figures 23-33. Penes and paruspermatn/iu of Littoraria jdosa ami Littoraria dclicatula 23-30. Penes ol I. (dosa 23-20. Jnlago 
Beach. Cape Lexeque. Western Australia BMNII 20010120: shell II 20.5 mm 20 S mm. 19.5 mm. IS 7 mm 27 . 29 . Lookout 
Hill. Broome, Western Australia BMNII 20010121: shell II 197 mm. 15.5 mm 25 . \l.ingm\e Point. Roebuck Bax. Broome 
Western Australia BMNII 20010122: shell 11 21.1 mm 30. Witlmell Bax. Biirnnp Peninsula. Western Xustralia BMNII 

20010111 : shell If = 15.3 mm 31-33. t J enes arid paraspermato/oa ol L dclicatula Bodra kaak <'Iiavlabogi. Snnd.irhans Bang¬ 
ladesh i BMNII 20010123: shell ll » 14 I mm II > mm Dotted line indicates extent of opaque glandular poilion ol pencil 
glandular disc. 
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toriiwpsis occur and Inr wliidi visual selection bv pred¬ 
ators lias boon suggested as a possible explanation lor 
the maintenance ol the polymorphism, which is assumed 
to have a genetic basis Cook 19S6a, 1). 1002: Heid. 
I0S7). The same process could possibh maintain these 
rare, local cases ol polymorphism in the normalK inono- 
morpliic L. earinifera : a similar explanation has been 
proposed for local polymorphism in L. intennedia b\ 
Cook and Bridle* (1095). However, it should be noted 
that like almost all others in the genus, this species has 
planktotrophic development and therefore the potential 
for wide gene How*; selection on local populations would 
therefore have to be strong, or gene How would have to 
be restricted in some wav, in order to achie\e local ge¬ 
netic differentiation ol polymorphic populations. A sim¬ 
ilar case ol local polymorphism has been found in L 
mehinostoma (see above). 

Littoraria [Palustorina) sinensis Philippi. IS 17 
(Figures 3S-52, 56-64. 6S> 

IJtoriiia sinensis Philippi. 1S4T: 16-17, Litorina pk 6. tig. 25 
(China: lectotvpe Reid. 1956a' \t\ll\ + 2 paralrctnh- 
pes. seen. Figures 42. 43). Lischke, 1571b 71-72. Wein- 
kaulT, 1552: S3-S4, pi. lb tigs 9. 12. 

Littorina intermedia var. sinensis —Nevilk 15S5: 147. 

Littorina sinensis —Pilsburv. 1S95. 62 

Litorina strigata Lischke, 1571a: 145 149 Nagasaki. Japan: 
types lost; not Littorina intennedia var. strigata Philippi. 
1546 = Littoraria strigata). Lischke. 15711 >: 73, pi. 5. fig. 
22 (not Philippi. 1546). 

Littorina strignta Lischke)—Pilsbrv. 1595. 62 (not Philippi. 
1546). 

Littorina Mela raping stri^ata Lischke)—Try>n, 1557:215. pi. 
43. fig. 33 (not Philippi, 1546 

Littorinopsis stri^ata (Lischke)—Knroda and llahe. 1952: 61 
(not Philippi. 1546' (Kama and Taken in ra. 1961: fig. 19 
(not Philijipi. 1546). 

Littoraria strigata Lischke)—Kojima 1955 U'gg capsule: not 
Philippi. 1546'. Aziuna, I960; 10 (not Pl'iilippi. 1546 
tligo. 1973: 46 not Philippi. 1546) 

Littoraria strigata ( Duiiker’)—Yoo, 1976: 56, pk 7. figs 15, 19 
(not Philippi, 1546). 

Littoraria seahra strigata (Lischke) Migo and (Into. 1993: < 4 
(not Philijipi, 1546). 

? Littorina adonis Yokoyama, 1927: 451, jil. 51. fig. 5 Koyisn. 
southern Mnsaslii, Japan; Upper Musasliino Pliocene: 
Rosewater, 1970 liulotvpe, Geological Institute, l iii\n- 
sitv of Tokyo; not s«*t*n). Rosewater. 194). 153. ])!- 319. 
figs 5, 9. 

Littoraria adonis —Okutaui, 1956: 71, fig. unnumbered. 
Littorina ( Littorinopsis) seahra seahra —Rosewater. 194) loti- 
461 (in part; not Linnaeus. 1755 Littoraria seahra 


Liltonnn s eahra ( ai 1991 51. fig. 13 mot Linnaeus. 1755 
Littoraria ' Palnstorinu artienlata— Reid. t956a 290 209. figs 
90e. i . 9211. i jienes 93c egg caj>su!e 91 m ])art: not 
lJtfarina intennedia \at\ artienlata Plnlippi. 1546 Lit¬ 
toraria artienlata Choc 1992: 259 290. fig. 54 not Phi¬ 
lippi. 1546 Reid. 1992a: 195 t97 lig. Ig in jxirt; not 
Philippi. 1516 lligoct.il 1999:92. 
ftilistorina su artienlata — Fukudu et al.. 1992: 57. |4. 9. figs 
129a. I) not Philippi. 1546 . 

Nomenclature: The nomenclature ol this sjmeies has 

sobered numerous changes. Y he name Littorina sinensis 
lias seldom been used most recentk bv Pilsbiy 1595 
It was redeseribed as Litorina s tribal a bv Lise like 
1571a) and this name became familiar in \arious com¬ 
binations in tin* |<i|>anese lileralure ol the mid-twentieth 
century. Rosewater 1970) combined it with some 20 
other sjiecics under the name Littorina seahra. The Pli¬ 
ocene fossil Littorina adonis has not been examined, but 
is probably this sjx-eies, and the name was used lor Re¬ 
cent |ajxmese specimens b\ Okutnui 1 I956v It has be- 
eome generalk known as Littoraria artienlata lollovving 
Fund !9S6a), but that taxon is here shown to consist of 
two species. \s discussed below. the only entirely diag¬ 
nostic character is (In* ]>enis. although tin 4 majority ol 
shells can be eoufidentk identified. \ltliough the lecto- 
txiie is a dr\ shell, lbe lorni ol the aperture and colu¬ 
mella. and the diffuse color pattern on tin* shoulder re¬ 
gion. are typical ol the juesent s])ecies. 

Material Examined: T\pes as indicated: 4 4 lots 3o 
p(»nes: 1 sperm sample: 12 pallial oviducts: 5 radulae. 

Shell (Figures 12—52): \clilit si/e range 6.3-20.6 
mm. Shape* high-turbinate to elongate I LB I 25 
1.73; Sll 1.57-2.05 whorls rounded, suture im¬ 
pressed, j^eriphen of last whorl slighth or not at all an- 
gled: moderate ll'iickness. Mature lij) not llared; colu¬ 
mella j)illar concave, excavated; inner lij> ol aj>ertnre 
shaipk raised adjacent to base ol columella. Sculpture 
of (7 >5 9 primary sj)iral grooves on sj>ire whorls; inter¬ 
vening ribs usually remain undivided, numbering 20-23 
on last whorl; occasionally some ribs may lx* divided by 
an impressed line and become more numerous: ribs ol 
eijiial width above peripherv, slightly narrower on base: 
grooves an* impressed lines on spire whorls, becoming 
deiper and wider on last whorl, commonly up to hail 
width of intervening ribs at |x*rij>heiy ol whorl randy 
e<jnal to rib width ; in smoothest shells grooves remain 
as impressed lines onk. Microsculpture ol laiul spiral 
striae* over rib surface, with axial mieroslriae in grooves. 
Protoconch 0.35 mm diameter, 3.5 whorls, with sjnral 


l-is5u.cC 34—41. Kadnlac nT Ottoman species. 34. 33. /.. hm^lcnsis new sp.-cn -s; paratypo: Man* Islam] (.nil ol Mannar. 
Tainilnadn India iBMS’ll 20000755; shell II 10.5 mm Hal 'i>'\ and I) Irom aulcnor 30. .!<. /. thhcaliila Ilmira kaal. 

Cl.avlahoi-i' Snndarltans. Hans-ladesl, IAISII 20010123; shell II III mm. Hal \io\i and 15 Iron, .ml, nor 3S-4I. 1. smc/ius 
3S. 30. Mam-rove trees Tan Slmi. Taipei. Taman HMMI 20010150 shell II III nnn: Hat ncu anil 15 Iron, anterior 40. 
41. Hocks. Kaluri. Maeharn City, kynslm. Japan HMNII 200101.11; shell II = 15 5 „„„ Hal Mow and 45 Iron, ant,-nor Seale 
bars = 100 jjuii. 
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ribs and siimsigera notch. Color variable; ere.mi with 
pattern ol orange brown to dark brown dashes on ribs 
with whitish dashes between: degree ol axial alignment 
of dashes varies irom dillnseb tt‘ssellat(*d or marbled 
pattern with aligment into short axial stripes at suture 
and peripherv onl\ Figures 13. 4 1. 31 to the rare more 
complete aligment in oblique axial stripes Figure HR: 
pattern olten emphasizes 2-3 ribs at peripherv Golii 
mella purple brown or vvbik aperture nvam with ex¬ 
terior pattern showing through. 

Vniimil: Headloot. operculum, parasperinatozoa. pall 
ial oviduct and radula do not differ signifieautk Irom 
those of L articulata as described bx Reid I9S6a'. \s 
in L. articulata (Reid and Mak, 1990. fig. 4G. I) the 
radula shows likeb phenotypic plasticitv and diflers in 
tooth shape on rock and wood substrates compare fig¬ 
ures 39 and 41). lVnis i Figures 56-61 not bifurcate, 
small glandular disc incorporated into distal end ol w rin- 
kied base: smooth narrowly elongate filament 0.3-0.3 to¬ 
tal length of penis; penial vas deferens an open groove 
to filament tip. Pelagic egg capsule a lens-shaped bicon¬ 
vex disc without peripheral flange. 350 pm diameter, 
containing single ovum about 70 jjun diameter Kojima. 
195S; fig. 2a. b: reproduced in Reid. l9S6a: fig. 93c 
Development planktotrophic. 

Distribution: Habitat in littoral binge on rock in 
eluding granite boulders and concrete sea walls' in both 
sheltered and moderately exposed situations; also on 
trunks at seaward edge of mangrove forests ipublished 
accounts of the ecological distribution ol Uttoriua s co¬ 
bra on the rockv shores ol Hong Kong and southern 
China probable refer to a mixture ol this species and / 
ailiculata , e.g. Chambers. 19S0: Ohgaki. 1955; W and 
Li, 19SS; Von, 1990). Range (Figure 6S from southern 
China to Yellow Sea, South Korea. Kvusliu and Seto In¬ 
land Sea, perhaps Rvukvu Islands. Records: China: Ma¬ 
cao (BMX1F; I long Kong Slick O. Deep Bav: lai Po; 
Three Fathoms Cove; Hoi I la. Mirs Bav \\ n Kwai Slia. 
\berdeen; all BMMI Xiamen llai Gang; Gnlavang; 
both BMXH); Spider Island Fujian (FSXM Zhenhai. 
Xingbo River (BMXll); Shawaishan, mouth ol Yangtze 
River (BMXll). Qingdao Tai Ping; Ilium Dao: I Ini 
Quan; .ill BMXll). Taiwan; Tan Slmi BMXll Japan: 
Rvukvu Islands iUSXM Kagoshima BMXll \mak 
nsa (USX M, XSMT : Matsnnra, Xagasaki Pref. 
(BMXll); Hirado (AMS Maebarn City BMXll F.h- 
ime Prel (USXM) Kasaoka. Okavama Pref. FSXM 
Xagae River, Okavama Citv BMXll 'ioshino River. 


Idkiishima C ,*il\ BMXll South Korea: Saehun Kim. 
Kvongsang Xamdo \\SP . 

Remarks: Reid !9S6a roneluded that L articulata 
was a single species extending Irom \ustralia to India 
and |.ipan but with two geographical forms ol more re- 
stricted distribution, one Irom northwestern \ustralia 
and the other Irom ( (liina and Japan Die latter was 
characterised 1 »v stronger sculpture. a more dillnse pat¬ 
tern and it was s.iiil that the penial filament was ’some¬ 
times relativelv longer than in specimens Irom South 
Fast Asia and \ustralia . It was also noted that the egg 
capsule oi (he Japanese lorm described bv Kojima 
I95 Si was larger than that ol L. articulata Irom Onirns- 
land and lacked tin* circiunlereiitial flange. However, 
with little inhumation on the range oi intraspeeific var¬ 
iation the significance ol tin- dillerenre in capsule shape 
was unclear. Fhe eastern \si.m form was ‘tentatively as¬ 
signed to L articulata . but it was suggested that further 
work was required 

Since then, much additional material has been gath¬ 
ered. It has been found that all specimens from northern 
( Tina. Korea and Japan share tin* longer penial filament. 
Most significant however, is the discovery that the typ¬ 
ical form of L. articulata and the eastern \sian Morin’ 
occur svutopicallv at several localities in southern China, 
around Hong Kong and Xiamen. \t tliesr localities the 
penial dillerences remain distinct e.g. figures 5,. 5S 
and 65. 66. from a loealitv in I long Kong and art* cor¬ 
related with small, but consistent, differences in shell 
shape*, sculpture and color. This leaves no doubt that the 
forms’ are separate species. 

Tilt* differences between L. articulata sens// stride 
and L sine nsis are summarised in fable 2. The most 
useful and entirelv diagnostic character is the sliape of 
the* penis; in L. sinensis Figures 56 61 the penial fil¬ 
ament is 0.3 to 0.5 of (lit* entire penial length less than 
0.2 in /,. articulata. Figures 65 67 ant! the glandular 
disc is usuallv about half the si/e and less swollen. Xo 
other anatomical differences have been discovered, so 
that morphological identification of juveniles and fe¬ 
males must relv on features of the shell. 

It is possible that tin* differences in egg capsule shape 
mentioned above mav prove to lx* consistent, (’apsides 
in this group have been illustrated three times. Reid 
!9S6a showed capsules ol 1. artic ulata vs. Irom north 
Queensland with a circumferential llangc diameter 
2 IS 265 (Jim. ovum about 65 pm'. Those illustrated by 
Mak 1995 from I long Kong were of similar shape, but 


Figures 42-55. Mi.-lls ufUHomrin sinensis .mil Ultnmnn mlirnUi 12-52. I. snn-nsts 12. 15. I.eitohpr <>\ l.il 

Philippi. ]S47>; Cliina 1 MM1\ .44. Iloi II.. Min. B..\ I.* ki.n« BMMI 20010121 15. I... Ilna H.iv (.)"«-il.i.>. (H 'Ml 

°()()]()]°5) 46 Tii P(i Ilon< T ki)ii <T RM\ll 26010126 17. V>slimn River estuarv kaiia/awa. tokiisluiiKi ( itv. Shikoku. Japan 

"u\I\lT 20010127 4.S. Sl.iau/in. Sl.au®.. (Iium BMMI20010I2S ID. II... < Ni.i.m-.i < BMMI 200I0I2D 50 T.m 

Slmi. T.linci. Taiwan BMMI 20010150' 51. \lu i«l<*ii llo.mkoim BMMI 200101 >2 o2. Kaliin M.irliam < it\ K\"'.Ini. J.ijkim 
'BMMI 20010131'. 55-55. L. iirlintliiln 55. T.ii Po ll.nm Kniiu BMMI 200I0I5S Uicrdcru. Il<»m KoiUI B IMI 

20010137). 
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Table 2. Summary ol dillerences 1 1 <*t\\«*t*ii fjtt(>r<ina smensis ami L artieulatn shell chaiartcrs appk to specimens Irom north 
western Pacific ()cean onK ). 


(character 


Litf(H'aria sinensis 


Littonina artmiiata 


Shell shape 
Shell sculpture 
Columella 

Shell color 
Penis 

Distribution 


Relative spire height can be taller to 2 Ho 
whorls slightk moie rounded 
(inM)\es up to liali to one tunes rib width; small 
shells run be almost smooth 
Shorter and more concave •fixing more o\al ap- 
erture; narrower nine) lip oi aperture more 
sharpb raised 

Paler, often iudistinetk clouded pattern ahgn- 
inent ol dashes less marked 
Penial filament 0.3-0 5 total length ol pelns 
('hina. Korea. |apan 


Does not attain suc h tall spire relative spire 
height to i 89 whorls Hatter 
(innixes up to one quarter nb width; small 
shells ran be almost smooth 
Pongee straighter giving ear-shaped aperture; 
inner lip ol aperture less sharplv raised 

Darker, distinct dashes well aliened into axial 
stripes at suture and penpherv 
Penial lilameiit less than 9 2 total length ol penis 
Southern China to India ami Vustralia 


larger (diameter 300-340 |jliu, ovum 69-71 pun llie 
capsule of/., sinensis Irom \makiisa. Kvuslm. shown In 
Kojiina (1958) was a simple* hats shape without a pe¬ 
ripheral flange (diami*ter 350 |im, mum about 7(1 fjimb 
Nlak (1995) showed that in three* Xodilittoriua species 
egg capsule diameter varied In 39 to 33'c and sugge sted 
that shape and senlptun* arc* moiv consisteiith diagnos 
tie of species than size*. It is possible that tin* (‘apsides 
lie illustrated as L. aiiiadata' were indeed ol that spe¬ 
cies rather than the svmpalrie L. sinensis, despite their 
large size, so that shape might be relati\el\ constant 
within this species across its geographical range, but this 
remains to be investigated. Caution is necessary how¬ 
ever, since capsules swell and tlu* Hange becomes less 
noticeable between spawning and batching < Bern, 1986, 
in L. strigata: llo, 1987). The capsules shown In Reid 
(1986a) and kojiina (1958) are very similar respect ivelv 
to the earlv and late (24 hours alter spawning) capsules 
of L. strigata (Bern. 1986: fig. D and might not repre¬ 
sent genuine interspecific diflercnces. 

Tlie ebaraeteristie features ol the* slu*lls ol L sinensis 
and L. ariU'ulatn are difficult to describe or quantify 
owing to considerable intraspecific variation. Neverthe¬ 
less, with experience svmpatrie samples can usually be 
successfnlK identified las eonfirmed In penial shape ol 
males) from their shells. The size range is similar max¬ 
imum 20.6 mm in L. sinensis, 19.0 mm in I,, artiailata 
and both attain larger size in mangrove habitats than on 
rocky shores. Overall shape is also similar, but examples 
ol L. sinensis can attain a slightly taller spire (relative 
spire height up to 2.05, el. 1.89 in L. aiiiadata and the 
whorls are a little more rounded In 6. artiailata the 
colmnellar pillar is longer and straighten so that the ap¬ 


erture appears more ear-shaped In contrast the colu¬ 
mella ol L. sinensis is slightlv shorter and a little con¬ 
cave. and the aperture therelore more ueai k oval. I he 
columella ol L sinensis is usualk narrower, but still 
dreplv excavated, and tin* inner lip ol the aperture ad¬ 
jacent to the eoneavitv ol the columella is more sliarpk 
raised, sometimes so much so that a slight umbilical 
crack is present. Both species share a similar count ol 
primarx grooves and ol ribs on tin* both whorl, and both 
sometimes displav dwarl lorms with smooth shells in 
which grooves an* present ouk as impressed lines. How¬ 
ever. in larger and more strough sculptured examples 
tin* grooves ol L. sinensis are always more pronounced 
up to half of, or even equal to, width ol intervening 
ribs, compared with maximum ol one quarter ol n!> 
width in L. artiailata and such shells arc unmistakable 
Figures 16. 47 . 

Shell color and pattern are likewise difficult to char¬ 
acterise, but olteu assist identification. Lit fora ria sinen¬ 
sis is itsitails paler, tvpicallv with a more finely mottled 
or tessellated or indistinct clouded* pattern, in which 
whitish lieeks are present between the darker dashes, in 
both species the dashes are more or less aligned into 
oblique axial series, although this is usually onlv pro¬ 
nounced at tin* suture and periphery ol each whorl, giv¬ 
ing rise to short axial stripes at these points. This align¬ 
ment is often more developed in L. artiailata . in which, 
at the periphery the axial stripes extend across lour of 
the spiral ribs Figures 53, 54 : in /. sinensis this align¬ 
ment more olteu rovers onlv two or three peripheral ribs 
Figures 50 51 

These contrasting shell characters are emphasized hv 
the lignres of svmpatrie samples ol the two species Fig- 


Feuires 5()-(>7. Penes of Littoraria sinensis and Uttomria arltnilata 50-01. L snn nsis 56. lau Slim, laipn. laiwan BMNli 
20010130; shell II 11.0 , 111 , 0 . 57, 58. Slick <> I long Kong BMNII 2001013 shell II S.O mm 9 1 mm 59. II. n ( ang. 
Xiamen. China iBMMl 20010129; shell il 90 nun 00. llnan Dan (Qingdao, ( lima HMMI 200101 >1 01 ukavama Port. 
Kojiina Bav. ianan tBMMl 200HH35. shell 11 - 7 2 mm 02-0 1. Vigae River estu.uv * )tug». Ok.ivama ( it\. Japan BMNII 
20010136- shell II - 13 S nun 13 0 mm. I 10 mm 05-07. /. nrtienlata 05, 00. Mirk <> llong Kong HMMI 200101 .19- shell 
It = 8.7 mm, 10.2 minJ 07. \berdrni. Hong Kong HMMI 20010137 Dotted line indicates extent ol opaque glandular portion 
of penial glandular disc. 
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Figure GS, Geographical distribution ol Littoraria sinensis with, inr comparison, the records ol Littoraria ailirulafa lrom the 
same area see text lor lists ol records\ 


ores 43 and 53; Figures 51,51. 55). Nevertheless, shells 
ol the two can sometimes appear xirtuallv identical (e.g. 
Figures 44, 55) and oul\ penial shape is reliabK diag¬ 
nostic. Geographical localit\ can also aid identification, 
since the distributions arc known to overlap onk be¬ 
tween Ilona Kong and Xiamen {Figure 3S). In Hong 
Kong the sites ol recorded s\ntop\ art 1 Sink (), Tai Po. 
Three F.ithoms Co\e. Wu Kxxai Sha and Aberdeen, and 
llai ( .mg near Xiamen all RMXll These sites range 
lrom mangroxes to modcratck exposed granite botddcrs 
and both species are common, so that there is no exi- 
denee lor dillcrcnt habitat prelerence.s. 

Littoraria sinensis is also elosek similar to / s trnanta, 
distributed lrom the Philippine*s and southern Vietnam 
to Indonesia. Malaxsia and India. The features ol shell 
shape and coloration described aboxe also distinguish L. 
sinensis lrom L striata ; the latter olten has a more 
strongk aligned pattern ol ohlujur axial stripes, and 
sculpture is weaker than in L. sinensis Most importanth, 
the penial filament ol /. strict a is long, tapering and 


xerinifonn. 0.3 to 0.7 of the total penial length Keid. 
1933aS 

Littoraria {Palustoriiui 1 miimlata Philippi, IS43) 
Figures 53-55. 35—3S» 

Sxnonx nix as in Reid I9S3ak excluding the entries now 
listed under L. sinensis aboxe. 

Distribution: Records listed in Reid 19S3a lrom 
China and |apau all <*ither applx to L sinensis or the 
identification is doubtful. The lollowing new records (all 
RMXll Iiaxe all been xerified bx anatomical examina¬ 
tion* China: ! lai Cang, Xiamen 1 long Kong (Tai Po: Ab¬ 
erdeen; Slick O. Thret* Fathoms Coxe; Beigang Island); 
I lai nan Vietnam: Sung Sot (!a\<\ I la I ,ong Rax; Do Son 
near Haiphong, Cambodia: Koh Ponree, oil Sihanonk- 
xille. Die species is abundant at localities all around Sin 
gapore 'St |olms Island: Changi Point: Sentosa; Fast 
Coast Park; Sarimbnn; all RMXll whereas tin* similar 
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species L striaata is rare (see l>elc>\\ ()nl\ a single pre¬ 
served animal ol lhe T. artirnlata/str'niata group lias 
been seen Irom die Indian subcontinent: this specimen, 
from Bombav. was a male ol L. s fri^ata sec* below'. so 
the oeenrrenee of L. artinilata in the region remains (n 
be verified. \ single shell has been seen Irom Bandar 
e-kbamir, west ol Bmular \hbas. Iran BMXII . with a 
color pattern resembling L. artinilata. This would rep¬ 
resent a ranee extension of either L artinilata or L 
s Irigata. but positive* identification requires anatomical 
examination. 

Littoniria (Palustoriiurt strigata (Philippi. ] S4fv 

Uttoraria s/ ri«<iUi —Berry. 19S6: 144 149. fig. 1 egg capsule 

Distribution: Vdditional material from South I ast 

\sia supports the suggestion that this species predomi¬ 
nates in localities with clearer water, whereas the similar 
L. artinilata is present in more turbid and estuarine* sites 
in the region. The occurrence of this species in the* \ra- 
bian Sea has been confirmed h\ a single* male spc*eini(*n 
from Bombay. The species is uncommon in Singapore, 
where L. artinilata is abundant. New records all 
BMXII Singapore: Sarimbuu: St |olm’s Island: (Gliaugi 
Point. Malaysia: Kndat. Sabah. Thailand: krabi. India: 
Colaba. Bombax 

Remarks: Nine additional elhanol-presened samples 
have been seen, supporting the* earlier conclusion that 
this is indeed a species distinct from L artinilata. The 
onk diagnostic morphological character remains the* 
shape of the penis, in w hich the filament is 0.6 to 0.7 ol 
the total length. 
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